In conclusion, we see how far knowledge has advanced from the simple definition of muscle tone as merely " a state of active tension" in a muscle, and, for our present purpose, we may speak of it appropriately as the basis of posture. Experimental Physiology of the Labyrinth,
I WISH to begin by thanking the members of this Society for the opportunity they have given me to speak about the work conducted in the Pharmacological Institute at Utrecht during the last ten years. My thanks are also due to Mr. A. R. Tweedie and Dr. F. M. R. Walshe for the excellent summaries of this work they have given in the English journals.
As early as in 1875 Breuer, the most famous otological physiologist still living, far outstripping the ideas of his age, gave it as his opinion that: "labyrintbine reflexes must be divided into two different groups:
(I) Reflexes responding to movements (reflexes of the semicircular canals).
(II) Reflexes resulting from position (reflexes of the otoliths). This division is in entire accord with anatomical researches ; on the one hand the cristw and cupulwe of the semicircular canals freely moving in the endolymph are adapted to react to movements of the head; on the other hand the macule covered by the otolithic membranes with their greater specific weight are specifically adapted to react to changes in pressure of these membranes produced by alteration in position of the head in space.
That this quite new division of Breuer was not accepted by his contemporaries can easily be understood. Though, after the ingenious experiments of Breuer himself it was not possible to deny that the reflexes corresponding to movements must arise in the semicircular canals, his deduction of the existence of a new group of labyrinthine reflexes resulting from position was not sufficiently supported by experiments to be generally accepted.
His experiments concerning the rotatory reactions and after-reactions on the head and on eyes were so ingenious that up to the present time it has only been possible to complete his work by finding new details. Except for the pastpointing tests of BArAny, all our rotation-tests are only clinical applications of Breuer's experiments.
As otolithic reflexes Breuer considered: (a) Progression reactions. (b) Compensatory eye positions. (c) Rotation of the head after unilateral labyrinth extirpation. As to progression reactions, known in 1875 only as subjective sensations, I hope to show you later on that these reactions cannot be considered as pure otolithic reflexes.
The knowledge of the compensatory eye positions was in 1875 quite incomplete; sufficient investigations had not been made.
Most of the investigators of Breuer's time considered the rotation of the head after unilateral labyrinth extirpation to be caused by post-operative cerebral lesions. No method was known of examining separately the functions of the semicircular canals and of the otoliths.
Briefly, the opposition to Breuer's classification of the labyrinthine reflexes must be ascribed to the insufficient knowledge of the tonic labyrinthine reflexes in his time.
Forty years later, thanks to the famous investigations of Sherrington on decerebrate animals, it has been possible to find other tonic labyrinthine reflexes. Before passing on to the description of the different labyrinthine reflexes I shall first discuss, how it is possible to examine separately the functions of the semicircular canals and of the otoliths. It could evidently be done in the following way: either by extirpation of the semicircular canals alone, or of the otoliths alone. Then the reflexes arising in the extirpated part of the labyrinth would be lacking and the reflexes arising in the remaining part would be present. Such experiments, possible on fishes, as is known from the investigations of Kubo, Benjamins, Maxwell and others, have so far not been carried out on mammals.
Wittmaack showed that it is possible to detach separately the otolithic membranes by centrifugalizing normal guinea-pigs under ether narcosis at a rate of 1,000 metres per minute. By this method only the otolithic membranes are detached, the sensory epithelium of the maculh remaining quite intact (figs. 1, 2, 3). Hence the behaviour of an animal with detached otolithic membranes on the one hand and that of an animal with paralysed extirpated maculae on the other hand is not quite the same.
Special experiments have shown that the sensory epithelium of the maculae is in a permanent condition of stimulation. In normal animals with intact otolithic membranes this condition of stimulation varies in different positions of the head in space in proportion to the changes in pull or pressure of the otolithic membranes.
In an animal with detached otolithic membranes there is a permanent condition of stimulation of the maculae; change of position of the head in space does not, however, elicit a change of this stimulation as in normal animals, because the otolithic membranes are absent and cannot pull or press. On the contrary in an animal with paralysed, extirpated maculm3 there is no condition of stimulation at all.
As we have seen, up to the present time it has not been possible in mammals to extirpate the different maculae separately. However, during the past year de Burlet and Hofman have succeeded at the Anatomical Institute at Utrecht in preparing the different macule of several mammals by using for this purpose Zeiss's operating microscope. Applying this method, it has recently been found possible at the Pharmacological Institute to extirpate separately the saccular maculae from living rabbits. This method can only be applied to the saccular maculae, because the utricular maculm are so closely connected with the semicircular canals that a separate extirpation is not possible without injuring the latter. Perhaps it may be possible to succeed in the following way: Some months ago, in operating on a living rabbit, it was intended to make a partial resection of the labyrinth. From the microscopical investigation it was found that only the cochlea was removed, and that the saccular nerve was cut through. Therefore we tried to see if it were possible to cut through the different nerves (nerve from the saccule, nerve from the utricle, &c.), without opening the labyrinth at all. Experiments on skulls showed that this is really possible, and in the near future such experiments on living rabbits will be undertaken.
We have seen that up to the present time the different labyrinthine reflexes could be examined separately by the method of Wittmaack, but we hope in the near future to be able to divide, with the aid of the operating microscope, the different nerves of the labyrinth without injuring the labyrinth itself.
Returning to the description of the different labyrinthine reflexes I classify them in the following way:
(I) Reflexes responding to movement (reflexes of the semicircular canals).
(1) Rotatory reactions and after reactions (with nystagmus): (a) on head;
(b) on eyes.
(2) Progression reactions. (II) Reflexes resulting from position (tonic reflexes, reflexes of the otoliths).
(1) Tonic labyrinthine reflexes on the body musculature.
(2) Labyrinthine " righting " reflexes.
(3) Compensatory eye positions. This division is in complete agreement with Breuer's classification except that Breuer considered the progression reactions to be reflexes of the otoliths. To this difference I shall revert later on.
(I) REFLEXES RESPONDING TO MOVEMENT (REFLEXES OF THE SEMICIRCULAR CANALS).
(1) Rotatory Reactions and After-reactions (with Nystagmus) on Head and on Eyes.
As I mentioned above, Breuer himself described these reactions very exactly, and we all use them so much in our clinical work that it is unnecessary to describe them here.
(2) Progression Reactions. The chief progression reactions are the following: (a) Lift reaction.-If, for instance, you place a normal animal upon a board and move the board slowly upwards, the limbs are flexed, whilst at the termination of the movement they are extended. The reverse occurs with a downward movement.
(b) Toe-spreading reflex.-If we hold a guinea-pig in the air vertically, grasping it with one hand about the axilla, and the toes of the hind limbs are stroked together, then during any slight movement in a vertical direction either upwards or downwards a spreading out of the toes will occur.
(c) Springing reflex.-If any animal is held horizontally with one hand around the neck and the other around the loins, a sudden passive movement of the animal forwards and downwards will induce extension forwards of the limbs. This reflex is of great practical value to animals, as it enables them when jumping down to the floor to catch the weight of the body by the extended forelimbs.
All these reflexes are labyrinthine reflexes; they disappear after bilateral labyrinth extirpation. They are reflexes arising in the semicircular canals, because they persist when the otolithic membranes are detached.
As you know, Breuer and Mach thought that the semicircular canals could not react upon progression, on the ground that they formed a system comparable to a closed vessel with rigid walls. However, the walls are not rigid; the endolymph is connected with the endolymphatic saccule, and the perilymph is enclosed in a wall with two elastic fenestrw (fenestra rotunda and fenestra ovalis). By means of a model made by Ornstein and Burger at Utrecht it was demonstrated that, under the circumstances above mentioned, the semicircular canals really can react upon progressive movements.
It may be possible, however, that progression reactions also arise from the otoliths. I use the word may because we cannot make a control experiment. Removal of the semicircular canals separately, without injuring the otoliths, has not been possible, as mentioned before, up to the present time. How the otolithic membranes might produce progression reactions, I will show by an example. At the end of the lift reaction upwards, when the movement is stopped, the utricular otolithic membranes will pull on the macule in consequence of their inertia and will produce by that means an extension of the limbs, as will be shown later on. This is actually seen in the lift reaction at the termination of the movement upwards. Therefore I believe that the progression reactions occur through a combination of reflexes arising both in the semicircular canals and in the otolithic organs.
(II) REFLEXES RESULTING FROM POSITION (TONIC LABYRINTH-REFLEXES, REFLEXES OF THE OTOLITHS). In speaking about tonic otolithic labyrinthine reflexes one must be assured of the following points:
(a) That they are really labyrinthine reflexes and therefore disappear after bilateral labyrinth extirpation.
(b) That they are otolithic reflexes, that is to say they disappear when the otolithic membranes are detached.
(c) That they are tonic, that is to say their influence persists as long as a certain position of the head in space is maintained.
In these investigations we must pay attention to the following points: (i) In order to exclude tonic neck reflexes arising from the neck muscles the position of the head in relation to the neck and trunk must remain fixed. The most simple way to exclude these neck reflexes is to fix the head and trunk in a plaster cast. A second method consists in cutting through the dorsal cervical nerve roots. After section of these nerves all tonic neck reflexes disappear.
(ii) It is necessary to exclude reflexes in response to movement (reflexes of the semicircular canals). These reflexes are transitory; the reflexes of the otoliths are tonic. Therefore after any change in the position of the head in space it is necessary to wait a few minutes before examining the tonic labyrinthine reflexes.
(1) Tonic Labyrinthine Reflexes on the Body Musculature. Independently of each other Sherrington and Magnus discovered, that after rotation of the head of a decerebrated animal the extensor tone in the limbs is changed. Now if we bring the head of an animal from one position in space into another, we do two things: first, we change the position of the head in space and secondly we change the position of the head in relation to the trunk. Special experiments have shown that if the position of the head in space is altered, but its position in relation to the trunk remains the same, only labyrinthine reflexes arise (from stimulation of the otolithic organs) to influence the extensor tone in the body musculature.
There is only one position of the head in space in which the extensor tone is maximal, namely when the animal is on its back with the line of the mouth about 45°above the horizontal plane. There is only one position of the head in space, in which the extensor tone is minimal, namely when the animal is in the standing position with the line of the mouth about 450 below the horizontal plane ( fig. 4 ). In all other positions the degree of extensor tone is between the maximum and minimum.
If we wish to solve the problem " in which maculm do these reflexes arise ?" we can 'use a model of a labyrinth which shows that the position of the different maculae completely agrees with the exact measurements of de Burlet and Koster ( fig. 5 ).
If we place such a model in the position for maximal extensor tone it will then be seen, that while the saccular maculh have no special position, the utricular maculae have a very typical position: they lie horizontally, the otolithic membranes pulling at the sensory epithelium. If we then place the model in the position for minimal extensor tone, it will be seen that the utricular otoliths again occupy a very typical position whereas this is not the case with the saccular otoliths. The utricular otoliths lie horizontally, the otolithic membranes pressing on the sensory epithelium.
The utricular maculie also influence the flexor tone of the limbs: in the position for maximal extensor tone the influence on the flexor tone is minimal; in the minimal extensor position the influence on flexor tone is maximal. If one labyrinth only is extirpated, it is seen that the maximum and minimum positions and their influence on extensor and flexor tone remain the same; this showing that each labyrinth is connected with the muscles of both sides. The utricular maculae also influence the tone of the neck muscles, but the maximum and minimum positions are the same as for the limbs. There is only one great difference; each utricular macula is only connected with the neck muscles of one side; this is one of the reasons why after unilateral labyrinth extirpation the head turns to the operated side.
With regard to the influence of tonic neck reflexes on the body musculature. Tonic neck reflexes arise when the position of the head in relation to the trunk is changed; they disappear after section of the dorsal cervical nerve-roots and can be investigated free from complications after bilateral labyrinth extirpation or by changing the position of the head only in the horizontal plane.
(For instance, changing the position of the head by rotation when the animal is in the vertical position, by ventral flexion and dorsal flexion when the animal is in the lateral position, or e.g., by lateral flexion of the head to one shoulder in animals in the normal standing position.)
The tonic neck reflexes influence the tone of the muscles of the limbs nearly always in an asymmetrical manner; rotation of the head or lateral flexion of the head causes increase of extensor tone in the limbs on the side to which the snout is directed and diminution on the side to which the vertex is directed ( fig. 6 ). Dorsal flexion of the head causes in most animals extension of the fore-limbs and flexion of the hind-limbs; ventral flexion of the head on the contrary causes flexion of the fore-limbs and extension of the hind-limbs. Tonic neck reflexes therefore (and this is also true of tonic labyrinthine reflexes) cause in many cases such postures as are frequently assumed for various purposes by normal animals.
Inadequate knowledge of these tonic neck reflexes has resulted in many wrong conclusions. I shall only give you one example. After unilateral labyrinth extirpation you see a rotation and lateral flexion of the head to the operated side; the limbs on this side are flexed and adducted, the limbs on the other side extended and abducted ( fig. 7 ). This was understood to be a direct consequence of the unilateral labyrinth extirpation; in reality it is only the result, of tonic neck reflexes. If you bring the head into the normal position the extension and flexion, the abduction and adduction of the limbs disappear and the animal sits quite normally ( fig. 8 ). 
Combination of Tonic Labyrinthine and Tonic Neck Reflexes.
We have spoken about tonic labyrinthine and tonic neck reflexes separately. If you bring the head of an animal into a new position in space,. you nearly always change the position of the head both in relation to the horizontal plane and in relation to the trunk. Speaking quite generally we may say that, in all positions, the result of the combined influences is always the algebraic sum of the influences caused by the tonic labyrinthine reflexes and by the tonic neck reflexes.
Again, suppose the animal to be in the lateral position (i.e., on its side), head symmetrical to trunk. If we now turn the head so that the snout is directed upwards, we have the following situation: Tonic labyrinthine reflexes increase the extensor tone in all four limbs, because the utricular maculhe are brought into a' position nearer the maximal for extensor tone; tonic neck reflexes influence the extensor tone in such a way that, in the limbs which lie uppermost, it is increased (the limbs on the side to which the snout is directed) while in the under limbs it is diminished (the limbs on the side to which the vertex is directed). The result will be the following: The limbs lying uppermost gain in extensor tone from both the labyrinths and the neck, and they will show very strong extension; the under limbs get an increase of extension from the labyrinths, and diminution of extension from the neck. Now, if the labyrinthine influence is stronger, they will become more extended, whereas if the neck influence is stronger they will become less extended, and if the labyrinthine and neck reflexes are equally strong nothing will occur. Tonic labyrinthine and tonic neck reflexes can be very well studied in all decerebrated animals. They can also be studied in normal animals with few voluntary movements, like rabbits, guinea-pigs, &c., or in animals with many voluntary movements, like cats, dogs, monkeys, &c., if they are under narcosis. Clinical Observations on Tonic Labyrinthine Reflexes. A complete investigation of these reflexes in patients is very difficult, because to exclude tonic neck reflexes it is necessary to fix the head and trunk in a bandage. Therefore it is really only possible in children. Up to now four cases have been observed in the neurological clinic at Utrecht in children with severe cerebral disturbances. In two cases with amaurotic family idiocy the maximum and minimum positions were practically identical with those found in animals (figs. 9 and 10); in two other cases the maximum and minimuim positions were found at the same places, but reversed, the maximum position for the extensor tone being with the line of the mouth about 45°b elow the horizontal plane, and the minimum position with the line of the mouth about 450 above the horizontal plane.
Tonic neck reflexes have been found by different examiners in many patients with severe cerebral disturbances. The reflexes are practically identical with those found in animals ( fig. 11 ).
During recent months two very interesting papers by Simons and Walshe have appeared relating to tonic neck reflexes in the so-called " associated movements" of hemiplegia. The best way to elicit these " associated movements " in a paralysed leg is to cause the patient to make a forcible contraction of the normal, arm. Tonic neck reflexes can then be produced in the paralysed legs by changing the position of the head in relation to the trunk. By a very careful analysis ofthe different reflexes observed in his patients during these "9associated movements " Walshe was also able to demonstrate tonic labyrinthine reflexes and a combination of tonic labyrinthine and tonic neck reflexes; all practically identical with those found in animals. These investigations of Simons and especially those of Walshe are important because they have shown us how to study these reflexes in conscious patients.
(2) Labyrinthine " righting " reflexes. You are all aware of the following experiment:-If you hold a normal guinea-pig in the air by its loins free and you bring the trunk into different positions in space, the head always tends to remain in the normal position and does not conform to the different positions of the trunk. Breuer showed that this phenomenon must be ascribed to labyrinthine reflexes; after bilateral labyrinth extirpation it disappears ( fig. 12 ). These labyrinthine " righting " reflexes acting on the head can be studied in normal guinea-pigs and rabbits; in all other animals the cerebral hemispheres must first be removed, but the mid-brain, especially the nucleus ruber, must be left quite intact because the centres of these reflexes are situated there (Magnus), in the nucleus ruber especially (Rademaker). These animals without hemispheres are incapable of voluntary movements, but otherwise their behaviour is that of normal animals and what is most important, the muscle-tone is not changed.
If we wish to discover in which part of the labyrinth these reflexes arise, it is useful to investigate them after unilateral labyrinth extirpation.
After unilateral labyrinth extirpation the righting reflexes cause the animal to turn the head into sucb a lateral position that the intact labyrinth is uppermost. In this position the animal is quiet, the righting reflexes being minimal. If the intact labyrinth is underneath, then the righting reflexes are at their maximum and the animal does not rest until it has succeeded in bringing the intact labyrinth uppermost into the minimum position again. If we now bring the model of the labyrinth into the maximal position you can see that the macula of the saccule has a "typical" position, whereas the utricular macula has not a typical position at all. The macula of the saccule lies horizontally; the otolithic membrane pulls at the sensory epithelium; in the minimal position the macula of the saccule also lies horizontally but the otolithic membrane presses on the sensory epithelium. With regard to the labyrinthine righting reflexes it is therefore proved with certainty that the strongest stimuli occur when the otolithic -membrane is pulling at the sensory epithelium.
When both labyrinths are intact, the head is always brought back from an asymmetrical to a symmetrical position; that is to say the head only comes to rest in such a position, in which the stimuli arising from both saccular maculae are equally strong. There is only one difficulty; the head comes to rest not only in a symmetrical position, but also in a very typical position, the vertex above, the lower jaw below, and the occipito-incisor axis of the head about 350 below the horizontal plane. Whether the saccular or the utricular macule are the cause of this" typical " position we do not know; perhaps we may say the head comes to rest in such a position, that both the saccular macule have a symmetrical position, and both the utricular maculh occupy a minimal position (the otolithic membranes pressing on the sensory epithelium).
After bilateral labyrinth extirpation all mid-brain animals, and such normal animals as have few voluntary eye movements, lose their labyrinthine righting reflexes. Normal animals however, with a wide range of voluntary eye movements (dogs, cats, monkeys, &c.) held free in the air after bilateral labyrinth extirpation, right their head by using their eyes. These optical righting reflexes disappear when the animals are blindfolded.
Magnus has described other groups of righting reflexes (a) If a guinea-pig is held free in the air in the lateral position by its loins, the head is brought into the normal position, and not only the head, but also the trunk as far as possible. This is caused by righting reflexes arising in the neck and acting on the trunk.
(b) A further group of righting reflexes are those arising in the body walls and acting on the head. These can be examined after bilateral labyrinth extirpation. In these circumstances a guinea-pig does not bring its head into the normal position when it is held free in the air in the lateral position. But when the same animal is laid on its side on a table it does bring its head immediately into the normal position. That these reflexes arise from an asymmetrical stimulation of the body walls is demonstrated by the following experiment: if a board is laid upon the free upper body wall these reflexes disappear because the asymmetry of the stimulation of the body walls has ceased (c) Righting reflexes arising in the body walls and acting on the trunk and limbs. If a guinea-pig is laid on its side and the head is fixed in this position, the animal rights its trunk and limbs immediately and brings these into the normal position. The experiment with a board shows that these reflexes also arise from asymmetrical stimulation of the body walls.
We have thus five different groups of righting reflexes: Three acting on the head (labyrinthine reflexes, optical reflexes, and reflexes arising in the body walls) and two acting on the trunk and limbs (neck reflexes and reflexes arising in the body walls).
With these different groups of righting reflexes the animal is able to bring its head, trunk and limbs from any abnormal position back to the normal again.
Clinical Observations. Till now labyrinthine righting reflexes have been observed in one case only, that of a child with anencephaly (Neurological Clinic, Utrecht) . This child, FIG. 13. held by its trunk free in the air in the lateral position, immediately brought its head into the normal'position again.
(III) COMPENSATORY EYE POSITIONS (TONIc LABYRINTHINE REFLEXES ON THE EYE, MUSCLES).
The study of the compensatory eye positions d'ates from about a century ago. Interesting investigations have been made by Hunter, von Graefe' Hogyes, and others ; however all'these observers made the same mistake.
They did not distinguish the.compensatory eyeImovements responding to move-' ments of the head and arising in the semicircular canals from the compensatory eye positions resulting from the special position of the head in space and arising in the otoliths.
Breuer, however, took the right view of this question in his classification of the labyrinthine reflexes already mentioned. The compensatory eye positions can be studied in normal animals with two separate visual fields (and, in consequence of this, with few voluintary eye movements) such asr rabbits, guinea- pigs, &c. For all other normal animals with binocular visual fields and many voluntary eye movements (cats, dogs, monkeys, &c.), narcosis is necessary. These reflexes are important, because they are the only tonic labyrinthinle reflexes which can be measured exactly.
The best way to study them in rabbits is the following: The whole of the animal's body is tied to a board so that it cannot move, and the head is firmly held in Czermak's head-clamp so that its position is in accurate relation to the trunk. This board can be brought into all different positions in space by being turned in different axes. A frame with two thin wires is fixed to the head-holder of Czermak, and under cocaine a cross is branded on the cornea. Opposite to the animal a cinema kodak is fixed on the board to photograph the positions of the eyes in different positions of the head in space. If we now photograph the corneal cross and the wires together, we can record, exactly and easily, changes in the vertical, lateral, and rotatory positions of the eye (figs. 13, 14, pp. 18, 19) .
We know of two varieties of labyrinthine compensatory eye positions: rotatory and vertical.
(1) Rotatory Compensatory Eye Positions. There is only one position of the head in space in which the rotatory displacements of the eyes with the upper pole towards the nose are maximal, namely, with the head in the vertical position, the snout above. There is only one position of the head in space in which the rotatory displacement towards the ears are maximal, namely, with the head in the vertical position, the snout below. We do not know which part of the labyrinth originates the rotatory compensatory eye positions. If we take the model of the labyrinth, then it becomes clear that in the two above-mentioned positions neither the saccular nor the utricular maculm have a typical position. The supposition some time ago suggested by Magnus and myself that they arise in the so-called corners of the saccular maculsi (the little part of the saccular macule innervated not by the saccular but by the utricular nerve) cannot be right, taking into consideration the latest anatomical investigations of de Burlet and de Haas. Both eyes always undergo a rotatory displacement in the same direction in the sagittal plane of the head. After unilateral labyrinth extirpation the rotatory eye displacements are only diminished. They are not changed in character.
(2) Vertical Compensatory Eye Positions. Concerning vertical compensatory eye positions I can only repeat what was said about the labyrinthine righting reflexes. If we want to know in which part of the labyrinth these reflexes arise, it is practical to study them after unilateral labyrinth extirpation. With respect to these compensatory eye positions, we can again prove with certainty that the strongest stimuli occur when the saccular macula lies horizontally, the otolithic membrane pulling at the sensory epithelium; that is to say, the vertical compensatory eye positions are maximal in the lateral position of the head, with the intact labyrinth underneath; the vertical eye positions are minimal or zero in the lateral position of the head with the intact labyrinth uppermost. Both eyes always undergo vertical displacement in the same direction in the frontal plane of the head, i.e., in the right lateral position of the head the right eye is deviated upwards, the left eye downwards (both having moved clockwise, seen from the front).
When both labyrinths are intact, we can say in general as much with respect to the rotatory as to the vertical eye positions that if the head passes from one position into another, the eyes perform such movements to attain their new position in the orbits, so that they, as it were, try to retain their original position in space. That they only try to retain their original position in space I shall demonstrate to you by the following example: If we bring the head from a position with the line of the mouth in the horizontal plane, into a vertical position with the snout below, the head moves through 900. If the eyes are to remain in their original position in space, they must undergo a compensatory rotatory displacement also through 900; really the movement is only through about 700. What is, then, the physiological gain from these compensatory eye positions? To consider this we must first consider Tonic Neck Reflexes on the Eye Muscles. These reflexes were discovered by BArAny in 1907. He showed that tonic reflexes on the eye muscles not only arise when the position of the head in space is changed but also when the position of the head is altered in relation to the trunk. He, however, studied these reflexes on normal rabbits with intact labyrinths and could not therefore make an exact analysis. Tonic neck reflexes can only be studied free from complications after bilateral labyrinth extirpation, or by changing the position of the head only in the horizontal plane. (They disappear after sectiorn of the posterior cervical nerves.) Special experiments have shown that if we fix the trunk of a rabbit after bilateral labyrinth extirpation and bring the head into different positions in space, the tonic neck reflexes alIways produce the same effect on the eye muscles as do the tonic labyrinthine reflexes: that is to say if the head is brought into another position the eyes always try to retain their original position in space.
These compensatory eye positions caused by the tonic neck reflexes are much less in degree than those caused by the tonic labyrinthine reflexes. It is by the combination of these two groups of tonic reflexes that it becomes possible for a rabbit to change the position of its head without altering the position in space of the eyes and therefore without alteration in the visual fields.
Special experiments showed that a rabbit can move its head from the normal position into other positions in the sagittal plane to the limit of about 450 upwards and 45°downwards, in the frontal plane by rotation to right or left up to about 200, and in the horizontal plane up to about 170 in each direction (this last only through tonic neck reflexes) without changing the visual fields.
The striking cooperation of different reflexes is still much greater. If the animal wishes to bring its head into another position, it first must make a movement; this movement reacts upon the eyes by compensatory eye movements arising in the semicircular canals; when the head becomes stationary in its new position, this special position reacts upon the eyes by compensatory eye positions arising in the otoliths and neck; in other words the visual field remains unchanged during the movement in consequence of reflexes arising in the semicircular canals, and after the movement in consequence of reflexes arising in the otoliths and neck. This only concerns animals with two separate visual fields; other animals, such as cats, dogs, monkeys, &c., and also man, do not fix their visual fields by labyrinthine and neck reflexes, but by optical reflexes.
de Kleijn: Experimental Physiology of the Labyrinth
Clinical Observations on Tonic Neck Reflexes on the Eye Muscles. Clinical observations about these reflexes are very seldom possible. Only two cases have been described by Simons in Berlin and two were observed in the Neurological Clinic in Utrecht in patients with tumor cerebri. The best way to study them is by fixing the head and bringing the trunk into another position in space.
Labyrinthine Compensatory Eye Positions.
These reflexes are of great theoretical and practical importance. They are the only tonic labyrinthine reflexes we can study in normal persons and which we can measure exactly. In studying these reflexes we must remember, however, that the eyes in men are placed in the frontal plane, and, therefore, we get, in lateral positions of the head, rotatory compensatory eye positions instead of vertical ones as in the rabbit. In different positions of the head in the sagittal plane we get vertical eye positions and not rotatory, as in the rabbit.
In which part of the labyrinth the vertical compensatory eye positions arise we do not know. The rotatory compensatory eye positions, from analogy with the experiments on animals, in all probability arise in the saccular macul. Therefore it is of great importance to determine the rotatory eye positions in patients, because it is the only way to gain a knowledge of the functions of the otoliths, particularly those of the saccule. Up to the present time we have only two objective methods at our disposal for measuring the rotatory compensatory eye positions in man: the method of BArAny and the method of van der Hoeve.
The apparatus of BArAny you all know; it is very expensive, and besides it is only possible with this apparatus to investigate the combination of tonic labyrinthine and tonic neck reflexes on the eye muscles, the position of the iris being examined in different inclinations of the head to the shoulder. By this method not only is the position of the head in space changed but also the position of the head in relation to the trunk.
The apparatus of van der Hoeve is only applicable to patients with astigmatic eyes.
A simple method of measuring the compensatory eye positions in patients is the following; it is similar to that used in the case of animals. A pair of spectacles without glasses but with two thin cross-wires instead, is placed before the eyes. Now we need only a cross upon the cornea. This can be made by cutting from the dried shell-membrane of an egg, round pieces as large as the cornea, and marking a cross on these membranes. One of these marked discs is placed on the cornea (after applying cocaine), where it remains by cohesion without injuring the eye at all. If we now photograph the eye and the frame together we can measure all displacements of the eyes as easily as in animals ( fig. 15 ).
If we want to investigate the rotatory compensatory eye positions, it is best to examine them in the normal and in the two lateral positions of the head in space; in all these positions the symmetrical position of the head in relation to the trunk must not be changed at all, to exclude tonic neck reflexes on the eye muscles.
To summarize : We have seen that the different tonic labyrinthine reflexes do not play a great physiological role separately; they do so in combination with other reflexes: Tonic labyrinthine reflexes on the body musculature combined with tonic neck reflexes are of great importance in the different postures of normal animals. Labyrinthine righting reflexes combined with various other groups of righting reflexes cause the animal to bring back its head, trunk and limbs from any abnormal position into the normal again. Tonic labyrinthine reflexes, combined with tonic neck reflexes affecting the eye muscles, and combined with reflexes arising in the semicircular canals, make it possible for the visual field to remain unchanged when the animal moves its head from the normal into some other position in space.
There is nothing new under the sun. In 1875 Breuer gave us the classification of the labyrinthine reflexes in two special groups and at the same time he said: "If you throw a frog, after bilateral labyrinth extirpation, into the water this animal will be absolutely disorientated, because the labyrinths, the sensibility of the body walls, and the eyes do not function at all." Thus be expressed in a few words exactly what I have told you to-day in many words.
DISCUSSION.
Sir JAMES DUNDAS-GIRANT.
Very much of what we have heard is new to me and Professor de Kleijn has raised so many points that it would have been most difficult to grasp them had it not been for the admirable way in which Mr. Tweedie has already presented much of the matter before us. As practical people we look for the application of these reflexes in our ordinary work. We have a good deal of knowledge of the dynamic reflex produced in the semicircular canals, but the complications arising from the other static reflexes are still unfamiliar to us. The question asked by many of us is, " why is it that after the compensatory movement we have the return movement ? ": that is to say, why do we get the " jerk" of the nystagmus after the " slow drag " ? I have read with interest the description of the experiments in which Professor de Kleijn cut through all the motor nerves of both eyes except the left sixth and detached the left external rectus from the eyeball, connecting it with a lever so that a tracing of its movements could be obtained. He removed the cerebral hemisphere and the brain-stem down to the anterior corpora quadrigemina; when he applied cold to the opposite ear he obtained the slow drag on the part of the left external rectus followed by the jerk. This, I understand, was supposed to test whether the jerk of the return movement is of cerebral origin: I confess that I cannot see how the experiment exactly proves it.
There have been some further experiments made on the brain in which the bone has been removed from the frontal region and caloric stimuli applied there; the forthcoming results have been very much the same as those obtained by stimulating the labyrinth.
While expressing my great admiration of Professor de Kleijn's description of his operations, I would point out that he has not referred to Ewald, whose labours are not forgotten, and from whom we have derived much illuminating information. I remember when Breuer's experiments were published, and it may perhaps amuse you to hear how they could be misinterpreted in translation. In a translation he is stated to have made his experiments on the " deaf," whereas in reality it was upon "pigeons," but I might remind you that the German word for "pigeons " is also the word for " deaf persons."
Mr. SYDNEY SCOTT. Referring to yesterday's papers, I do not think we need any better hypothesis than that of Dr. IHartridge, which he clearly announced yesterday.
Can Dr. Walshe, in connexion with his observations, yet tell us whether Scott: Experimental Physiology of the Labyrinth there is an alteration in Babinski's reaction in hemidecerebrates, when the positions of head and trunk were altered in space without flexing the neck ? (I understand Dr. Walshe is already engaged in elucidating that point.)
In regard to the demonstration to-day, we must all greatly admire Dr. de Kleiju's brilliant piece of work and investigation. To be able to destroy the otolithic membrane by centrifugalization, without damaging the semicircular canals, enables the observers to isolate the functions of the saccule and utricle from those of the semicircular canals. He has shown that the changed reflexes after centrifugalization are really due to injury to the particular parts of the labyrinth, and not, as some might possibly suppose, to injuries to brain tissue, or to the labyrinth as a whole. I understand from Mr. Tweedie that the laboratories at Utrecht contain thousands of sections of labyrinths of animals that have been rotated before and after all these observations on tonic reflexes were made. This represents an enormous monumental work. As Dr. Gray says, " the human labyrinth is virtually a closed cavity," for we find that pressure-changes are produced in the labyrinthine cavity as a whole, which can be estimated manometrically by inserting glass capillary tubes filled with coloured fluid. The manometric readings show that the extreme mobility of the stapes causes a range of movement equal to quite 3 or 4 c.mm. (in a tube of the calibre of the superior semicircular bony canal). Unilateral obstruction in the Eustachian tube of an intact tympanum with a mobile stapes can lead to appreciable differences of the intra-labyrinthine pressure, comparing one side with the other. These facts have a bearing on-the elucidation of certain forms of vertigo. In that class of vertigo now under consideration, all the canals of the labyrinth react normally: the tympanum is intact: hearing for low tones is preserved: one Eustachian tube is inefficient. The vertigo coincides with this inefficiency.
Dr. de Kleijn will no doubt allow me to draw attention to a case that was under my observation some five years ago, of a young man who had an extremely obstinate obstruction in the Eustachian tube of the left ear. I saw him every day in hospital in France, but it was about a week before I succeeded in inflating that very obstinate ear. At last when the air wenit in, he was seized with vertigo and nystagmus to the left. His head became inclined to the right, and the face was turned to the right. I kept the catheter in place and waited till the vertigo ceased, then gave one more blow, and to my astonishment the vertigo returned more violently, the head moved in the opposite direction, and he showed such intense nystagmus to the right that I felt alarmed. However, the attack stopped in a moment, and everything untoward disappeared. Now that was not only one single observation, but I had opportunities of carrying out these tests every day for about three weeks. When the drum membrane was invaginated from external atmospheric compression, and suddenly released, the head movement was always in one direction; when the tympanum was distended, the head moved in the opposite direction. F. S. Lee's investigations on elasmobranchs showed that he obtained eye-movements in one direction when he pressed gently on the ampullary nerve, and when he pressed harder the eye movements were in the opposite direction. There seems to be a parallel with Lee's observations and clinical findings, in connexion with the differences in pressure which are transmitted to the normal labyrinth from the tympanum. I should like to raise the question of the influence of retinal reflexes on the tonic reflexes, which I believe have been erroneously attributed to labyrinthine stimuli, though we are acquainted with the forced movements of individuals who have a prism placed in front of the eye. During investigations on flying I observed that slow rotation, as in a slow spin of an aeroplane, can set up forced movements of the limbs. Many experienced airmen had to close their eyes or avoid looking at the ground, if in a spin, to avoid these forced movements. It is a most important matter in connexion with flying but one to which little attention seems to have been paid.
Dr. ALBERT A. GRAY. The reason for reserve in making definite statements as to the relationship of the different structures in the vestibule is that it is very difficult to be sure of one's facts. This is because for the most part the membranous structures are floating in a fluid which bathes them on both sides. Consequently when the preparations are put into alcohol distortion is almost certain to occur, with the result that incorrect judgments are formed in regard to the anatomy of the organ. An example of such an error is that made by Frau Anna Kraut in stating that the canalis reuniens is a closed tube in the adult human subject. As a matter of actual fact the ductus cochlearis in the adult human subject can be injected from the saccus endolymphaticus, if the injection be made before the preparation has been subjected to the influence of hardening and dehydrating agents.
Referring now to the paper which we have just heard from Dr. de Kleijn, I would like to pay the highest tribute of admiration to the work which has been carried out by himself and his colleagues at Utrecht. This work opens up a whole new field not only for the otologist, but for the physiologist and the physician as well. It explains many of the curious symptoms which occur in diseases of the labyrinth and also in those which affect the cerebellum. In addition it will enable us to make more accurately the diagnosis of diseases affecting these parts.
Mr. ALEXANDER R. TWEEDIE. It is most gratifying to me to find my friend Dr. de Kleijn before the Section, giving us a first-hand demonstration of the work being conducted by Professor Magnus and himself in Utrecht on the otolithic and allied reflexes, an account of which I endeavoured to give you-very imperfectly I am afraid-on my return from Utrecht in the autumn of 1921.1 Dr. de Kleijn would have better been seen in his own laboratory, because it is impossible under these circumstances to realize one hundredth part of all their fascinating investigations thus separated from the environment in which they are carried out.
I would like to take this opportunity of expressing before Dr. de Kleijn my very keen appreciation and gratitude for the warm welcome I received from everyone on my visit to Utrecht. Everyone seemed most anxious to give me every possible opportunity of seeing and learning all that was being done, and Dr. de Kleijn particularly spared himself no time or trouble in showing me all he possibly could, so that I should have ample demonstration and instruction in the various steps on which their experimental work has been based.
Referring to Dr. Walshe's communication, I would point out that the particular aspect of our specialty, wbich we are discussing to-day is so inseparably associated with the nervous system, that it is not only important for uis to receive occasionally the views of neurologists on these matters, but also that it is only by very close and constant collaboration with them that we shall be able to progress in our knowledge of this subject.
There is, as you know, already established in France the " Societe d'Oto-Neuro-Oculistique de Strasbourg," which is only concerned with phenomena of interest to these particular specialties. So if we wish to keep abreast of developments in this direction we must follow the example of the French and seize every opportunity we can of obtaining assistance by collaboration with the oculist and neurologist.
I was also most interested in hearing suggestions made by Dr. Hartridge yesterday, as to the function of the labyrinth, and in finding that they were so accurately in accord with the theories of those conducting this work in Holland, theories which I attempted to indicate in the paper I read before the Section in March, 1922 .
The labyrinth appears to be essentially an organ for presiding over balance and progression, and further, according to one theory, it is primarily stimulated in fishes by sensations received by way of the "lateral line." I believe that one day we shall find the missing links between the association of the " lateral line" with the labyrinth and the development of the cochlea. I shall be very pleased to give Dr. Hartridge some Dutch articles referring to this particular point.
Of course, however, the main point at issue, as has been mentioned, is the clinical significance of all this work. Accounts of several cases, in which these phenomena could be demonstrated, have already been published by Professor Magnus and Dr. de Kleijn; to these I referred in my original report to the Society1; and though perhaps it is yet too early to dogmatize on their clinical value, I am pleased to think I have already had cases of intracranial lesions in which certain of these phenomena could be demonstrated, and I have also had other patients with vertigo and with raised blood-pressure, probably hypersensitive cases, in whom nystagmus could be induced by an altered position of the head in space ; but whose responses to the routine tests of the semicircular canals were normal. I believe that we should regard the otolithic apparatus in man as essentially a degenerative organ, normally of extremely little importance, and only becoming evident, so to speak, when involved in pathological disturbances. This view I think has already been suggested by the descriptions Dr. Gray has given us of the labyrinth of various fishes, birds and animals, indicating its gradual decadence as we ascend the animal scale, and it is also supported by the fact that the otolithic reflexes are said to disappear in normal children after the age of some three months, and that they thereafter, as yet, can only be elicited in cases with intracranial lesions, and other pathological conditions. One reason for this gradual degeneration of the otolithic apparatus is, I submit, the higher development of other senses-alluded to, I think, by Dr. Hartridge-I mean that, as our sense of touch, sight and above all our volition become elaborated we learn to depend perhaps more on the greater efficiency of these senses, rather than be governed by an organ which automatically controls the movements of the lower animals. It is most interesting in this connexion to note the results of certain very practical experiments that have already been undertaken. I would remind you of the account by Mr. Sydney Scott of his personal investigations in an aeroplane (Journal of Laryngology?, 1920, No. 8) where he found that observers, if blindfolded, lost their sense of position in dense clouds. Similar experiments were also conducted in Holland by van Wulfften Palthe, who came to the conclusion that the vestibular organ is of no special significance to the aviator, and does not enable him to steer an aeroplane in clouds or mist (Acta Oto-Laryngologica, vol. 4). This attitude of " disregard " towards the perceptions received by way of the eighth nerve is not confined to its vestibular branch, as I would urge that our audition is also largely a matter of " disregarding" the many sounds which we have gradually learnt to ignore. Indeed it is only by these means that we are able to regulate what we hear in contradistinction to the methods we can adopt in respect of our other senses, where we have the opportunity, for example, of contracting our pupils, or even closing our eyes altogether against excessive light or objectionable sights, and in the case of our sense of smell, holding the nose to avoid offensive odours.
Dr. Gray raised the question of the old experiments of "hypnotizing" hens by laying them down, and drawing a chalk line from the beak, at a meeting of the Scottish Otological Society in Glasgow last March, where we discussed the otolithic reflexes. Since then Dr. Guthrie of Edinburgh has drawn my attention to a German article on the subject describing similar experiments with various animals (" Werkstatt des Lebens," Koelsch, Stuttgart). I see there that these experiments were already made as early as the seventeenth century, and amongst the various animals on which they were carried out, it was stated by this author that fish, if turned on their back, and undisturbed, could be induced to lie still in that position. Although rather incredulous I found to my surprise the other day that I could keep a goldfish in a bowl of water, turned on its back, with a very little manipulation. It seems to me quite reasonable therefore that these so-called instances of "hypnotizing" animals must really, be otolithic reflexes as suggested by Dr. Gray.
I hope that many others of the Section will be able to visit Holland, and realize for themselves the sure foundation on which this work of Dr. de Kleijn is based by the initial tests on the animals, the operative experiments, subsequent re-testing and final submission of the animals for histological examination in the Neurological Department under Professor Winkler.
